INTRODUCTION
In the broad field of crystallization ofhigh polymers we are faced with some unusual phenomena, not known in the crystallization of substances with small molecules, such as metals and salts. There is the new and rather unexpected general phenomenon which we call " periodic crystallization ". Another complex ofphenomena, observed during crystallization and melting, which is gaining more and more interest, also from the practical point of view, is characterized by the features of main-and after-crystallization, partial melting and new crystallization.
There are, of course, many other interesting features such as the problern of the amorphaus regions, i.e. the interpretation of the amorphaus halo in the X-ray scattering, or the kinetics of crystallization and spherulite growth. The selection of the questions discussed here is somewhat arbitrarily determined by the work during the last years in my department in Mainz. In the first part of this review I will discuss the phenomenon of periodic crystallization and the question of the microstructure, i.e. the shape, size and mutual arrangement, of the crystals in bulk material. In the second part I will deal with main-and after-crystallization, partial melting, etc.
PERIODIC CRYSTALLIZATION AND ITS INTERPRETATION Observations on Iamina structures
From the observations of Kellerla,lb, Fischer 2 and Till 3 it has been known for some years that linear polyethylene may crystallize from dilute hot solutions of xylene in the form of single flat laminae with a surprisingly constant thickness showing the character of single crystals. Figure 1 shows a typical crystal of Marlex, exhibiting spirals of growth and interlaced structures, originating from the superposition of one or several screw dislocations. I t was further shown by electron diffraction experiments that the long chains are oriented perpendicularly to the Iamina plane and, therefore, that they must be folded* with an extremely constant period equal to the thickness of the laminae. This fold-period always has an order of magnitude of I 00 A.
More recently, many other substances have been investigated, often under very different conditions of crystallization, for example, from the melt and *Chainfolding was assumed as early as 1938 by Storks" for thin films of gutta-percha crystallized from chloroform. He found, by electron diffraction, that the chains were oriented perpendicularly to the plane of the unstretched film.
743 from the glassy state. Also, the temperature dependence of the fold period, and the influence of molecular weight, have been examined by different authors in order to clarify the fundamental question of the reasons for the folding and its regularity. Alltheseobservations show that we are faced with a general phenomenon, characteristic for the crystallization ofhigh polymers, which seems to have no analogy with substances consisting ofsmall molecules.
I shall now discuss some experiments and the conclusions which can be drawn from their results.
Crystallization from dilute solutions in the form of laminae or fibrils has been observed for many substances, such as polyoxymethylene 5 , isotactic polypropylene 6 , poly-4-methylpentene 7 , 6-nylon, 5 6,6-nylon 8 , etc. Experiments on the oriented overgrowth (epitaxis) of polyethylene on rock salt 9 crystals also reveal laminar structures with folded chains.
It is, therefore, important to ask how far laminar crystals with folded chains are formed during crystallization from the melt in thin layers or in bulk material. Keller 10 has already shown that in films ofpolypropylene the chains were oriented perpendicularly to the layers. On the surface of thick melt films of polyethylene, 11-nylon and polytrifluorchlorethylene, Fischer 9 observed the formation ofregular laminar structures, if. Figure 2 , which shows the surface replica of polytrifluorchlorethylene.
That folding genenilly takes place also within the bulkmaterial is evident from different experiments. Thus, for low pressure polyethylene Fischer 9 • 11 was able to show that the ringsoften observed in the spherulites were caused by a periodically varying arrangement of the laminae, their planes always oriented parallel to the radius of the spherulites. Figure 3 shows the surface ( electron micrograph) of a polyethy1ene film and the cross-section of this film in the visual microscope. We recognize that the surface period is the same as that found in the electron micrograph, and that it is continued throughout the whole cross-section. As, at higher enlargement, the surface structure clearly shows a torqued laminar structure, we are justified in assuming that the same structure also exists within the solid material. In the meantime, detailed optical studies carried out by Price 12 , Keller 13 and Keith and Padden 14 , and light scattering measurements, made by Stein 15 and by Dauscher 16 in our Institute, have confirmed these concepts.
That laminar structures occur within the bulkmaterial follows also from fracture experiments with different materials. As an example Figure 4 shows an electron microscopic replica of the fracture surface of low pressure polyethylene, crystallized from the melt at 125° and broken at the temperature of liquid air 17 • We seealso in the interior of the bulkmaterial weil shaped laminar crystallites with a thickness of the usual magnitude of about 100 A.
In Stereographie images of such pictures, so mething like a period, caused by the periodically changing orientation of the laminae, is distinctly seen. Figure 5 shows the fracture surface of polyethylene oxide. In this polymer with a relatively low molecular weight we find growth spirals with a stepheight of about 90 A. As the chain length is about 500 A, the chains must be folded. Other fracture experiments have been performed by Bunn 18 on tetrafluoroethylene and by Geil 19 on polyoxymethylene.
In the case of polyethylene oxide it is not certain how far the replica of a fracture surface is representative of the whole material. We have here Figure 9 . Polyoxy methyle ne single crystal, surface replica (Fischer ) spherulites of the fibrillar type, which we have termed" pseudospherulites ".
What we observe in reality is the surface of these fibrils, i.e. the interior surfaces within the solid body. The structure of the fibrils is still unknown. Nevertheless, there are other observations, for example, on the deformation of polyethylene spherulites 20 , or on the long periods investigated by Geil 21 in polyoxymethylene*, which strongly support the concept that laminar and periodic crystallization occur in the interior of bulk material during the crystallization from melt 1 7,21, During the crystallization from the glassy amorphous state, we also observe a tendency towards the development of laminar structures. Slowly crystallizing polymers like Terylene, polyurethaneorpolycarbonate, rapidlyquenched, are optically clear and, according. to their X-ray diagram, an1orphous. By annealing, for instance, polyurethane for about two hours at 150° we observe in the electron micrograph a fibrillar structure 22 which tends to form sheets, i.e. nuclei of spherulites.
In Terylene (polyethylene-glycol-terephthalate) at 105° we find 23 spherulites. In this case, therefore, at about 30° above the glass transition temperature, or about 100° below the melting range, spherulite nuclei are already formed and can grow to spherulites ofnormal size. Obviously a rather high chain mobility already exists far below the melting point or melting range. This allows not only the incorporation of segments in a lattice region, which is tobe expected above the second order transition, but also the building up of entities much larger than the single chain molecule.
This surprisingly high mobility is also evident from annealing experiments of Kämpf 24 on polycarbonate. In Figure 6 we see that the surface structure produced by the manufacturing process disappears at 130°, i.e. about 20° below the second order transition. We have some sort of microflow, supported by surface tension, but the dimensional stability is not affected. Here we have a chance to relax tensions by a suitable annealing process, at least in the surface, and to heal cracks, so as to make the materialless sensitive to crazing and corrosion, without the risk of also making the material brittle.
If we anneal above the second order transition, say for 8 days at 190° in a nitrogen atmosphere, we obtain a crystallized surface with spherulites ( cf. Figure 7) . Figure 8 results from a larger magnification and shows tha t the fibrils of Figure 7 are the edges oflaminae, inclined at different angles towards the surface. Sometimes we observe whole pyramids of laminae; the step height is 60 ± 10 A, corresponding to three times the length of the unit cell in chain direction.
Summarizing all these observations we may conclude that under quite different conditions of crystallization we have the same mechanism leading to the formation oflamellae. Furthermore, in unoriented systems, chain folding is the normally favoured process; otherwise it is difficult to understand how, without folding lamellae, a constant thickness can result. Thesesingle crystals always build up organized aggregates, such as spherulites, transcrystalline regions, or fibrils. For the formation of such an organized larger *The period has practically the same value as the thickness of the lamellae. If lamellae grew only on the interior surfaces instead of in the whole material, the period would be hardly observable. 745 entity, only one primary nucleus is required as is evident from other experimentson the growing process 25 • 26 • The individual crystallites within a spherulite are, therefore, formed by a seconday nucleation process.
In order to camprehend the reason for chainfolding in unoriented materials, as discussed here, we will deal in the next section first with the periodic crystallization in drawn systems, and then with their dependence on chain length and on temperature. In this way weshall also arrive at a more general concept ofthe elementary crystallization process in substances with long chain molecules.
Periodic crystallization in drawn systems and in macrocrystals
The small-angle X-ray diagram of drawn fibres usually shows continuous layer lines or reflexes on these lines, indicating a periodic change of the electron density along the fibre axis or the chain direction 27 • 28 • According to the model of Hess and Kiessig 27 , this periodicity arises from a nearly periodic alternation of crystalline and amorphaus regions or, more probably, from a regular array of crystalline and disordered regions. This idea is nowadays generally accepted and only the details of this model are still under discussion. The periodicity can be explained only by a limited growth of the crystals in the chain direction.
The observation that the period in drawn fibres is also of the order of magnitude of 100 A, leads to the idea that the fundamental reason for this period must be the same in drawn and in unoriented systems, whether crystallized from solution, from melt, or from the glassy state. We further believe that in drawn fibres most ofthe chains arenot folded, but run through different crystalline and amorphaus regions*. The fundamental question is, therefore, not the reason for the chain-folding but that for the limited crystallization in the chain direction and their constant period. That the original mechanism Ieads generally to a periodic crystallization, but only under suitable conditions to chain-folding, follows also from another important observation made by Fischer 29 on large single crystals of polyoxymethylene. This is the only polymer known today in which, under special conditions, the crystals grow in the course of the polymerization, single crystals being formed up to 1 mm in all dimensions 30 • These crystals are large enough for X-ray patternstobe obtained by the rotating crystal method. For the theoretical interpretation of the periodic crystallization, it was very important to study the possibility that these crystals might have a microstructure. Indeed, electron micrographs of surface replicas show that the crystals are built up of many growth layers with an extreme regularity, cf. Figure 9 . The period in the chain direction is about 200 A, i.e. of the same order of magnitude as is observed in the lamellar single crystals or in drawn fibres. I should state that the chain molecules are much Ionger than this period. It is hard to explain by a kinetic theory this periodicity in a large single crystal which is obviously caused by periodic lattice distortions in the *Otherwise, the nearly reversible recovery to the original length of cold drawn fibres by heating the fibre to the melting range could hardly be understood. lt should be mentioned that the density of the disordered regions must be lower than the density of a simple unoriented amorphous region. Otherwise, the reflections in the X-ray diagram would be too weak to be observable. 746 chain direction. The following experiments provide further strong arguments for a thermodynamic cause of the periodic crystallization.
Periodic crystallization and chain length
It is known that the fold period in polyethylene (step-height of spiral growth) is independent of the chain length in the molecular weight range from a few thousand up to one million
•
On the other hand, we know that the n-alkanes show growth spirals of the same type as polyethylene. However, in this case, the step-height is identical with the chainlength and with the length ofthe unit cell. This increasing step-height is observed in the n-alkanes up to C 100 H 203
The interesting question arises, therefore, as to the critical chain length at which the step-height or period becomes constant, i.e. at which the mechanism of periodic crystallization becomes decisive. Several authors 32 -34 In Figure 10 we see the long period as a function of the degree of polymerization~ the straight line is calculated assuming that the chains are perpendicular to the base, monoclinic unit cell. The lower curve shows the observed long periods. We recognize that the chains are inclined to the base (tridinic cell) and, what is even more interesting in this connection, that the period has already reached a constant value for the diol-octa-urethane which is the same value of about 70 A as that found for the usual polymer with n equal to ""40, corresponding to a chain length of about 1000 A. We conclude, therefore, that the fold period comprises only 4 unit celllengths.
*In such experiments it is important to crystallize the different oligomers at the same temperature in order to eliminate the temperature-dependence of the fold period. This was not the case for the alkanes.
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Temperature dependence of the crystallization period
In Figure 11 we see the long period of polyethylene single crystals, crystallized from various solvents at different temperatures, i.e. the fold period at the primary crystallization stage as a function of temperature. These experiments (by Fischer and Schmidt in Mainz 36 ) were performed by rapidly cooling the solution towards the crystallization temperature and separating the crystals by slow filtration. The cake was dried and the long period measured by means of a small angle diffractometer of the Kiessig type. Figure 11 gives also the results of Ranby et al. 33 , who made measurements at the cloud point, i.e. at only one temperature for each solvent. Our observations show clearly that at the same crystallization temperature the period is, to a good approximation, independent of the solvent. They show further that the temperature dependence of the period is much smaller than that predicted by the kinetic theories proposed by Lauritzen and Hofmann37 and by Price 38 *. Furthermore, the independence of the period on the solvent at constant temperature is hard to understand from the kinetic theory, since it implies that the free enthalpy should be independent of the solvent at any given temperature 40 • .& Now we shall discuss the dependence of the crystallization period on temperature as observed when we anneal single crystals or drawn films. In Figure 12 is shown the dependence of the period in drawn Marlex 50 on the annealing temperature after 24h annealing time. The period increases *In these theories, the relation P "' ßlG is required, where P is the fold period and ßG the free enthalpy difference between the crystal and the solution. According to Mandelkerna», one can write as a good approximation ßG = &hr ßT Tm where &h 1 is the heat of fusion and Tm the equilibrium melting point, both in solution.
!::.. T is the difference between the melting and crystallization temperature, and we can, P -· const. therefore, write ,_ Ä T with temperature, as has been already found by Hess and Kiesseg 27 for 6-nylon. A curve of the same type has been found by Statton and Geil 41 and also by Fischer and Schmidt 36 for a cake of polyethylene single crystals. Further investigations on the time-dependence at different annealing temperatures arestill in progress in Mainz.
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·c Figure 12 . Long periods of drawn polyethylene after annealing for 24 h under constant length (Fischer, Schmidt) These annealing experiments naturally Iead to the interesting question of which way do the chains rearrange when forming crystals with a Ionger period in the solid state. Figure 13 shows the large-angle X-ray scattering diagram of a cake of Marlex 50 lamellae, crystallized from solution. The sample was heated to 132° in about 20 min and then kept in the X-ray camera at this temperature for a Ionger time. After the first 20 min we observe almost complete melting and then a new crystallization. The small angle diagram o f samples annealed in the same way show* that the lamellae, which at room temperature are about 100 A thick, become thicker during annealing, i.e. obviously more stable. The same rearrangement process is observed in the bulk material. X-ray diagrams like this make it clear that, within a certain range below the melting point, melting and new crystallization may occur side by side in the solid body. Now it is interesting to realize that in the special case of a drawn material the transformation of the crystallization period during annealing goes on without observable melting and recrystallization, cf. Figure 14 . Here we notice only a slight decrease of the reflections, caused by thermal motion, but no remarkable increase of the amorphaus halo. We cannot exclude directly that melting does not occur within the period up to the first scanning, but this seems highly improbable on the basis of our observations of the timedependence ofthe long period 42 , which, however, cannot be discussed within the compass of this paper. Thl's different behaviour of single crystals and drawn films can be explained in the following way. In the drawn system, one crystalline region starts to grow and then the neighbouring region in the *In these experiments the sample, after annealing at 132° during a fixed time, was quenched to room temperature, and the long period was measured. The fold period remains constant during quenching, as shown by observations on the time dependence of the rearrangement process.
chain direction melts on the opposite side and grows on the other, affecting , the next crystalline region and so on. The melting and crystailization, therefore, proceed simultaneously. We could also describe this rearrangement eo Figure 14 . X-ray intensity curves of drawn polyethylene, dependence on time (Fischer, Schmidt) as a diffusion process of the lattice defects, i.e. of the amorphous regions along the fibrils, until the new equilibrium size of the crystals is reached throughout the system. However, to build up a new fold period in a single lamella the whole chain must be moved and this is only possible after melting the whole single crystal. Summarizing all these observations and results, we may say that it is very difficult to explain the folding and the periodic crystallization on the basis of a kinetic theory. F or a phenomenon of such a general character as periodic crystallization, we should look for a thermodynamic interpretation. Such a thermodynamic theory has been developed by Fischer 29 • 43 and Peterlin
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It is based on the concept that, because of the anisotropic lattice forces, the mean amplitude of ftuctuation of the thermal motion in the chain direction depends on the crystal length in this direction. These distortions cause a smearing of the lattice potential suchthat the energy density of the crystal increases with its length. Therefore, its growth is limited. At present, this theory is only an approximate one and further work, taking into account the torsional motions, is in progress *.
SOME PHENOMENOLOGICAL FEATURES DURING CRYSTALLIZATION AND MELTING
N ow I will discuss some other phenomena characteristic of the crystallization of polymers.
Main-and after-crystallization
When dealing with crystallization over Ionger periods it is reasonable 45 to distinguish between main-and after-crystallization, sometimes also called primary and secondary crystallization. Figure 15 shows, for example, the crystallization of amorphaus polyethylene-glycol-terephthalate (Terylene), crystallized from the glassy state by suddenly raising the temperature to 220°4 6 • The crystallinity IX (weight fraction of the crystalline phase) was determined by measuring with an immersion method, the density as a function of the crystallization time at different constant temperatures.
*It should be mentioned that Buggins has proposed another explanation of chain-folding and periodic crystallization, which is also based essentially on thermodynamics.
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All these experiments were performed with thin pieces of Terylene. For this slowly crystallizing substance it is possible to freeze it in the crystalline state at high temperature by queuehing to -70°, and then to measure the density in a gradient density tube at room temperature. There is no risk of an additional crystallization during the rapid cooling, as there is in the case of polyethylene or polyamides. This method is also independent of the uncertainties in thermal expansion coefficients of the amorphaus and crystal~ line components.
When we examine the morphological structure in the samples (100 micron thick films), we find, in the first step, spherulites growing in the amorphaus matrix. Then, when the material is completely filled with spherulites, we still observe an increasing density. This increase can, therefore, be explained only by an improvement of the order within the spherulites, i.e. in the first instance by a steady increase of the crystallinity, accompanied by a healing process of lattice defects, and sometimes in other substances*, also by a transformation of an unstable mesomorphic lattice form into a more stable one. We can follow this after crystallization also in the X-ray diagram. The crystallization during the growth period of the spherulites we term main-crystallization. As it is difficult to detect the end of this process, we can try to relate it in a somewhat arbitrary way to the half-time of crystallinityt on the basis of the well-known Avrami-Evans theory 47 , a problern I cannot discuss wjthin the scope of this paper
The very slow process of after-crystallization can occur over surprisingly longtimest, for instance, in the case ofpoly-4,6-urethane, quenched from the melt to -70° and stored at room temperature. In this case, Dauscher observed the increase of density over a period of three years 48 • In the interval between 20 hours ( a time at which the main crystallization was certainly finished) and ,...., 20 days the density was raised by 0·2 per cent; a further increase of the same amoun t took two years. Now the question arises as to the molecular process occurring during this after-crystallization. We have seen in the foregoing section that in a slow and undisturbed growing spherulite, a system of periodically torqued lamellae develops. The assumption seems reasonable that the folding will be more perfect with a slower incorporation of the chains of the amorphaus phase into the lan1ellae on the surface of the growing spherulite. By local fluctuations in temperature or by local stresses caused by temperature differences, impurities and so on, the lamellae may be curved in an irregular way, so that during the further growth neighbouring lamellae may spread. In this way, during the first step of spherulite growth, amorphaus regions with diserdered chains and segments will be left between the lamellae. There may also be chains running from one lamella to the next or coils of chain-segments lying on the surface of lamellae, demonstrating in the X-ray diagram an amorphaus fraction. These chains can only crystallize by new secondary nucleation and growth processes, which of course are much more hampered *In the case of Terylene no transformation of this kind is observed. tBecause of the slow after-crystallization it is possible to determine the half-time with reasonable accuracy.
tThe time law of the after-crystallization, In ( 1 -a) = f ( t), is not a linear function of time and we should require a spectrum of activation energies to describe this process.
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than the first step of spherulite growth. We, therefore, understand that the after-crystallization process, with its improvement of order, takes much more time.
The after-crystallization is very important for the technological properties. If crystalline plastics are used at elevated temperatures, they tend to become brittle and the more so, the higher the temperature. We are faced with a process of physical aging including the development of cracks by shrinking and causing enhanced stress-crazing. 1He98°C 2He 101° C .x.::~:::: During the main crystallization, cracks between and inside the spherulites can be avoided as long as stresses caused by cooling and crystallization can be relaxed sufficiently by flexible chain segments. This is, for instance, the case for Terylene films crystallized at moderate temperatures. The absence of cracks follows from our own observations of permeation and diffusion as a function of time during the crystallization of the films inside the permeation apparatus, at different temperatures, cJ. Figure 16 . These permeation isotherms run like crystallization isotherms and show* that the permeation is a definite functions of crystallinity. However, I should mention that, excepting the case of water permeation, the diffusion and permeation is not a simple function ofthe amorphaus phase. Furthermore, the relative permeation as a function of the crystallinity depends on the gas, helium, hydrogen, or water. This shows clearly, that it is not possible to describe this phenomenon fairly by a simple two-phase model, crystalline-amorphous.
The steadily, and quite reproducibly, decreasing permeation with increasing crystallization makes clear that there is no marked development of cracks allowing any extra flow of the gas molecules, a material with spherulites about 2 microns large. Partial melting and new crystallization It is well known that polymers do not melt at a sharply defined temperature but do so over an often considerable temperature range. For the same substances this range varies esentially with the crystallization temperature and with the temperature course during annealing and cooling. The melting point, which refers to the upper end ofthe melting range may, under suitable conditions, be a function of the crystallization temperature alone. In many cases, the decrease of crystallinity in the melting range is immediately followed by a new crystallization process, as was shown many years ago by Bekkedahl and Wood 50 for natural rubber. This new crystallization has been investigated very carefully in recent years by Zachmann 51 in our laboratory. He found that Terylene crystallizes so slowly, that it is possible to freeze it by queuehing the crystalline state and to study this point by point as a function of time. The measurements of the crystallinity were combined withobservations ofthe morphological structure as well as withmeasurements of the small-and wide-angle X-ray scattering.
In the following two figures, 17 and 18, we see partial melting and crystallization at different temperatures for two samples of different thermal treatment, i.e. für a sample with a crystallinity as high as possible (about 74 per cent) and with a very high melting point of 269°*, and then for a sample with a very poor crystallinity (about 40 per cent) and a low melting point of 245°. Figure 17 shows how in sample I, brought suddenly to the annealing temperature T 2 , the crystallinity quickly falls, and that the fall is greater with increasing values of T 2 ; then the crystallinity becomes constant. At 269° the sample melts. In this case of a well-crystallized sample, i.e. crystallized at high temperature, no new crystallization occurs. However, a sample which has been crystallized at the rather low temperature of 140° shows a quick partial melting, followed by a slow new crystallization process, cf. Figure 18 . If the annealing temperature is high enough, we observe at first complete melting. The limiting value of crystallinity obtained during the new crystallization will of course be lower the higher the annealing temperature. Melting occurs in 7-15 sec. The new crystallization is also very quick at lower temperatures, at least in the beginning. We, therefore, have to heat the samples up to the higher temperature in only one second and this, of course, would be impossible in a dilatometer. In Figure 18 , it is seen in terms of the classical explanation, regarding the surface energy as a function of size, that the system reaches the state ofhigher thermodynamic stability via partial and then total, melting. The new crystalline regions formed at higher temperatures have a higher melting point. As to the reasons for this higher stability, we may think not on1y of a more perfect order, but also of a transformationofthin lamellae into thicker ones, a fact, which is weil established in the case of polyethylenet. In addition, a change of the lattice structure may occur, i.e. a transformation of a mesomorphic structure into the monoclinic lattice form if we heat a Tery1ene sample, which has been crystallized at 140°, above 180°52.
*The way to make such a sample was found empirically. An amorphaus sample was warmed for two hours to 260°, kept for six hours at this temperature, and then cooled down over two hours to room temperature-sample I. In sample II, the amorphaus film was crystallized for six hours at 140°, and then slowly cooled down. tLaminar structures have also been observed in Terylene.
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From these experiments we recognize the influence ofthermal treatment on the crystallinity, on the melting point, and, as Figure 19 shows, also on the form of the mel ting curve. I t is usually assumed tha t the melting poin t increases with the crystallinity, but this need not be always so. By a suitable treatment we can produce samples which have, for instance, a very low crystallinity but a very high melting point, cf. Figure 20 . This is possible by quenching a sample which has been partially melted at a higher temperature, so that the further crystallization during slow cooling, as in sample I, is excluded. It is evident that the melting point depends essentially on the crystallization temperature T 1 • The question then arises as to whether it also depends on the rate of cooling as is true for the crystallinity. · Our experiments show that this is not the case. The influence of the heating rate is, at least up to a crystallization temperature of 220°, negligible. So we are justified in regarding the melting point as a function of the crystallization temperature,
cf. Figures 19 and 21.
Any after-treatment below the original crystaÜization temperature will modify the melting curve but not the melting point, because the crystal regions grown at lower temperatures than T 1 will melt first.
CR YSTALLIZATION PHENOMENA IN HIGH POLYMERS
For samples which showpartial melting and new crystallization, we define the melting point as the lowest temperature at which partial melting is complete. Now the question arises as to the behaviour of the morphological structure during melting and new crystallization. With increasing partial melting of crystalline regions, the spherulites will darken but not disappear, and with the onset of new crystallization they will become brighter again. Their size does not change. We see that partial melting and new crystallization are processes occurring inside the spherulites. Only when melting is complete do the spherulites disappear, and then a fine grained structure results with the onset ofnew crystallisation, for instance in sample II at 247°. These new crystallites melt at 264°. Obviously so many nuclei of a crystalline material of higher quality were left in the melt at 247°, far below the melting point, that during the new crystallization the spherulite nuclei could not grow to a notable size. If we quench this material, we find a rather low crystallinity of about 26 per cent, whereas by slow cooling we get a rather higher crystallinity. We have here a way of developing fine grained material of higher crystallinity.
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